Abstract. Maharashtra is one of the states in India that has witnessed one of the highest rates of farmer suicides as proportion of total number of suicides. Most of the farmer suicides in Maharashtra are from semi-arid divisions such as Marathwada where cotton has been historically grown. Other dominant crops produced include cereals, pulses, oilseeds and sugarcane. Cotton (fibers), oilseeds and sugarcane providing highest value addition per unit cultivated area and cereals and pulses the least. Hence it is not surprising that smallholders take risks growing high value crops without 'visualising' the risks it entails such as those 5 corresponding to price and weather shocks.
Introduction
Smallholders contribute significantly to the total value of agricultural output in India, though their resilience to climate change and price volality make them susceptible to distress (IFPRI, 2013) . The fragility of smallholders is very noticeable in farmer 25 suicides rates in India. Between 1995 and 2012, approximately 284,673 farmers committed suicide in several regions in India, with a peak in 2006 and 2010 (Nagaraj, 2008; Mishra, 2014) .
Understanding the challenges encountered by (small) farm holders requires a multi-disciplinary approach. The following research builds upon Pande and Savenije (2015) to explain smallholder dynamics between its natural resources and socioeconomic situation within a water-centric approach. We zoom into the state of Maharashtra where one of the highest rates 5 of suicide amongst farmers have been recorded (NCRB, 2014) . The socio-hydrological modelling framework is applied to two regions of Maharashtra: Marathwada and Desh (see Figure 1) . We examine small farmers with 1-4ha of ground. The agricultural income mainly depends on cotton and sugarcane production. Besides these crops, jowar (Sorghum), rice and soybean cultivation are also abundant. Near to sixty percent of the smallholders in the regions under study produce these five crops (Agricultural census , 2010).
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Marathwada division has experienced relatively higher farmer suicide rates than Desh (Ramanna, 2006; D.R. Khairnar, 2015) . The aim of this paper is to explain this difference between the two sub-divisions through comparative assessment of smallholder socio-hydrological model simulations in terms of differences in hydro-climatic variability, soil heterogeneity and types of crops grown. Spatial variable datasets on potential evaporation, soil properties and rainfall were weighted on district level.
The smallholder socio-hydrologic modelling framework proposed by Pande and Savenije (2015) is a dynamic model that can be made location specific. It consists of six socio-hydrological state variables: soil moisture, soil fertility, capital, livestock, fodder and labor availability. All these state variables are modelled by simple differential equations. Seven socio-hydrologic flux variables determine the interrelationships between these state variables, these are: crop production, livestock sales, expenditure, 5 livestock production costs, crop production costs, labor factor and fertilizer factor. Climatic forcing and wage rate are external to the smallholder model system and influence the system as such.
To explain the modelling framework in a nutshell, consider a small farmer experiencing a year with disappointing crop yields due to poor rainfall, e.g. his/her capital encounters deficits as a result and therefore the farmer cuts down on his/her expenditure by selling livestocks, cutting down on investments, school fees and so on. The farmer stops cutting down on his/her expenditure 10 when capital becomes positive again. These adjustments consequently affect the socio-hydrological state variables for the next year. The evolution of farmers capital thus depends on how much he or she is exposed to hydro-climatic variability (that affects crop yields) and price volatility (that affects crop income) and whether the farmer has access to hydrologic or financial instruments that can buffer these variabilities.
Input data and parameters
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The dominant soil types in the study regions were obtained through the Harmonized World Soil Database v1.2 (Fischer, 2008) . All dominant soil textures throughout Marathwada and Desh are classified as loamy to clayey textures (USDA Texture classification) in the subsoil (Fischer, 2008) . We assume that Available Water Storage Capacity (AWSC) is 175 mm/m for loam and 200 mm/m for clay. The soil water storages for every district are then calculated by weighted mean soil depth (of India , WRIS) of the districts multiplied by the previously mentioned AWSC. see that crop income falls in Marathwada when suicide rates start to rise. This indicates that Marathwada might contribute to the distress that farmers are facing in Maharashtra.
Comparing hydro-climatological, soil characteristics and crops grown between the divisions one can see that the characteristics are unfavourable for Marathwada. Table 1 displays that the need to overcome crop transpiration demand deficits is higher in Marathwada than in the division of Desh. Further, even rainwater harvesting in Marathwada is not as successful as in Desh.
High water demanding crops such as cotton are generally favoured in Marathwada (24 % of the smallholders), while in Desh 5 only 0.6 % of the smallholders choose to grow cotton primarily under rain-fed condition. Taking into account the observations in Table 1 , creating local storages in Marathwada will not be enough to bridge monthly deficits during a growing season.
A combination of solutions is indeed needed to outweigh unfavourable farming conditions in Marathwada. The policy and interventions in such regions could be steered in the direction of (1) preventing farmers from betting on a good monsoon and deciding to high risk crops in inadequate locations, and (2) to invest in local storages where biophysical characteristics (as soil 10 depth e.g.) are adequate.
